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Abstract. The cytotoxic effect on the silk worm eggs of various concentrations of 
cryoprotective agents such as glycerol, ethyleneglycol, propyleneglycol, DMSO was investigated. The 
hatchability percentage of the eggs was influenced negatively by the experimental substances. The 
increase of the protective agents concentration and of the diffusion period led to a decrease in the 
hatchability percentage. Also, between the balancing period and the hatchability percentage there is an 
inverse proportion. Observing the effect of freezing and thawing operations on the silkworm eggs we 
have drawn the conclusion that at least for the embryogenesis phases we have tested, they are not 
fitted for preserving in liquid nitrogen (-196°C). In all cases a stagnation of the embryonar 
development was noticed and in none of the experiments the larvae hatched.  
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INTRODUCTION 
 
The knowledges accumulated on preservation of animal genetic resources allow for 
cells, tissues or organs of valuable species to be kept in special banks (Wilmut I., 1972, 2007; 
Whittingham D.G. et al., 1972; Sapundzhiev, E. 2008; Springman K. et al., 1981).   
Researches have also led to the identification of some substances having cryoprotector effect 
such as: glycerol, dimethyl-sulphoxide, ethyleneglycol etc. (Johnson M.H., 1989; Vincent C., 
1991; Johnson M.H., Pyckering S.J., 1987; Herrier A. and Rath D., 1991). 
This kind of researches is carried on silkworms in Japan (Tamura T. and Sakate S., 
1985; Shinbo H., 1989; Shinbo H. et al., 1991; Yoko Takemura, Toshio Kanda 1999). They 
refer to the cryopreservation of gametes. 
The aim of our researches was to study the possibility of cryopreservation of the 
silkworm eggs. We have thus studied: 
 the influence of cryoprotector concentration on embryo viability; 
 the influence of the period of cryoprotector solutions diffusion (period of osmotic 
balancing) on embryo viability; 
 the behaviour of silkworm eggs after slow freezing and quick thawing. 
 
MATERIALS AND METHODS 
  
The experimental material was represented by silkworm eggs in various stages of 
embryonar evolution, at 4, 18 and 20 hours after laying, that is before diapause, as well after 
elimination of the diapause - the KO phase. 
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The following cryoprotectors have been used: ethylene-glycol 2.75%, 5.5%, 8%, 15%, 
propyleneglycol 7.5%, 15%, glycerol 2.5%, 5%, 7.5%, 10%, 20% and DMSO 7.1%. 
The cryoprotector solutions were added to Golden Carlson (GO medium. In order to 
avoid the osmotic shock, the osmotic pressure of the cryoprotector solutions from GC was 
measured and 2,3, 4 and 6 steps of balancing with differences of about 400 mOsm were used. 
The concentration of the last balancing step was considered to be the concentration of the 
experimented solution. 
From the group of balanced eggs, a part was used for rebalancing by successive 
submergings in cryoprotector solutions with gradually decreasing concentrations. These 
groups are the control groups for the cryotoxicity experiments. 
We used the following freezing design: 
 Step I: from the environmental temperature to -7°C with temperature decreasing by 
1°C/minute; 
 Step II : from -7°C to -9°C with temperature decreasing by 0.2 - 0,5°C/minute 
  Step III: from -9°C to -18°C with temperature decreasing by 0.5°C/rainute 
 Step IV: from -18°C to -30°C or ~55°C with temperature decreasing by l°C/minute; 
 After the eggs were frozen to -30°C or -55(o) C they were submerged in liquid 
nitrogen (-196°C). 
  The period of egg preserving in liquid nitrogen was of 48 hours for the eggs in 
prediapause (4, 18, 20 hours after laying) and of 10 days for the eggs/in which the diapause 
was removed (KO stage). 
The thawing process was fast and was done in waterbath at the temperature of +28°C 
until the eggs reached the temperature of 0°C. 
The preserving containers were thereafter left at room temperature until complete 
thawing. The cryoprotector solutions were removed by successive dillutions with decreasing 
concentrations. 
  A treatment with HCl was used to remove the diapause in an experimental group 
before or after freezing. In all cases eggs were incubated at 26-26°C and 80-85% humidity. 
The embryos were examined for viability, judged by the hatchability percentage. The 
morphologic aspect of the eggs was also observed. 
 
RESULTS AND DISCUSSION 
 
The silkworm eggs treated with cryoprotectors in the early stages of embryonary 
development, treated with HCl for diapause removal and incubated, had a hatching percentage 
between 69.0 -90.0% (Table 1). A stronger toxic effect is shown by glycerol 7.5%. 
When testing a range of 4 concentrations of glycerol (2.5%, 5%, 10% and 20%) on 
eggs out of diapause, we have noticed a decrease in the hatching percentage with the increase 
of the glycerol concentration. Demolarisation of the cryoprotector in GC medium doesn't 
entirely remove the glycerol from the eggs in the variant in which the penetration period was 
of 145 minutes. 
The glycerol that entered the egg affects the subsequent development of the embryo as 
shown by the big gap in hatching percentage between the treated and untreated (control) 
groups. 
In the case of dimethylsulphoxide we noticed a strong cytotoxic effect, directly 
proportional to the penetration time. The results have shown that DMSO is not suitable for 
cryopreserving silkworm eggs. A rather high hatching percentage was obtained in this 
category of eggs by using ethyleneglycol as cryoprotector. 
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Tab. 1  
Cytotoxic effect of cryoprotectors on silkworm eggs   
 
 
 
From the data presented in Table 1 we notice that between the balancing period and 
the hatching percentage there exists an inverse proportion: the short balancing period allows 
hatching of a larger number of larvae as compared to the long balancing period. 
The effect of freezing - thawing on the silkworm eggs under various processing 
conditions is presented in Table 2.  
The general conclusion is that silkworm eggs at least those in the embryogenesis 
phases we have tested, do not fit to preservation in liquid nitrogen. In all experimental 
variants a stagnation of the embryo development was noticed.  
In the eggs in prediapause, especially in those at 20 hours after laying, after freezing 
and HCl treatment a trend towards changes in egg colour was noticed, aspect associated by us 
to an attempt to continue the embryonar development, but neither in this variant hatching 
didn't occur. 
We must observe that when freezing was done during the KO stage the external 
morphology of the eggs didn't change for a long period, but hatching didn't occur in the end. 
We estimated that the embryo was in this stage too less plastic and the damages that may 
occur during freezing - thawing is not compatible with life. 
All these observations led to the conclusion that deep-freezing of silkworm eggs in 
liquid nitrogen is not a suitable method of preserving the genetic fund of this species. 
Hatchability percentage 
Egg age Cryoprotector and 
concentration 
Balancing 
period 
(min) 
Experim. 
group 
Control 1 
demola- 
rized 
Control 2 
untreated 
Ethyleneglycol 15% 20 90.0  94.8 
Propyleneglycol 7.5% 20 88.0  94.8 
16 hrs 
after 
Laying Propyleneglycol 15% 20        87.0  94.8 
  Ethyleneglycol 8%   25       82.0         94.8 20 hrs 
after 
Laying   Glycerol 7.5%   25       69.0         94.8 
Glycerol 20% 145 11.9 44.0 92.0 
Glycerol 10% 145 25.1 40.0 92.0 
Glycerol  5% 145 43.0 44.0 92.0 
Glycerol 2.5% 145 46.3 32.2 92.0 
DMSO 7.1% 5 26.0 37.0 92.0 
DMSO 7.1% 10 19.2 32.0 92.0 
DMSO 7.1% 15 10.8 26.8 92.0 
Ethyleneglycol 2.75% 15 71.8 73.2 92.0 
Ethyleneglycol 2.75% 30 60.0 65.0 92.0 
Ethyleneglycol 2.75% 60 58.0 64.0 92.0 
Ethyleneglycol  5 . 5% 10 76.0 74.0 92.0 
Ethyleneglycol 5.5% 70 72.0 72.8 92.0 
KO 
stage 
Ethyleneglycol 5.5% 185 58.5 68.3 92.0 
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Tab. 2 
Freezing - thawing effects on silkworm eggs 
 
Egg age Cryoprotector and 
concentration Processing Observations 
4 hrs after 
laying Ethyleneglycol 15% 
 - balancing with cryoprotector sol.(3 
x 10 min)  
-  freezing f-196°C) 48 hrs  
-  fast thawing  
- cryoprotector removal (3x5 min)  
-  HCl treatment, incubation 
 - ceased embryonar 
development  
 -  low percentage 
of eggs show colour 
changes  
-  no hatching 
 
Propyleneglycol 7.5% 
 
- balancing with cryoprotector 
sol.(3 x 10 min)  
- freezing (-196°C) 48 hrs 
- fast thawing 
- cryoprotector  removal (2x5+1x10 
min)  
- HCl treatment, incubation 
-stagnated embryonar 
development  
- eggs don't hatch 
 
18 hrs 
after 
laying 
Ethyleneglycol 15% - same processing, no HCl treatment 
 
 
Glycerol 7.5% 
- balancing with cryoprotector  
   sol.(3 x 10 min)  
- freezing (-196°C) 48 hrs 
- fast thawing 
- cryoprotector removal  
  (2 x 10.+1 x 10 min)  
- HCl treatment, incubation 
- higher percentage of 
eggs show colour 
changes  
- ceased embryonar 
development 
- altered external egg 
morphology 
20 hrs 
after 
laying 
Ethyleneglycol 8% 
- same processing  
- no HCl treatment 
 
 
Glycerol 7.5% 
- balancing with cryoprotector 
sol.{5, 8, 10 min)  
- freezing (-1960C) 10 days 
- slow thawing  
- cryoprotector removal 
   (5, 5, 10 min)  
- incubation 
- ceased embryonar 
development  
- no changes in egg 
external morphology 
- no hatching 
 
KO 
stage 
Ethyleneglycol 
2.75% 
 
- balancing with cryoprotector 
solution (15 min)  
- freezing (-196°C) 10 days 
- thawing cryoprotector removal 
incubation 
- ceased embryonar 
development  
- no hatching 
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